Abstract. Nowadays, Airfoil shape optimization are developed by many researchers. Especially, evolutionary method is taken to find out the shape of airfoil. The main objective work is finding the shape of airfoil that get the aerodynamic properties which good for lift and drag of the aircraft wing. PSO is the evolutionary method that used for this work. The work are combination between the CFD analysis as Reynolds number 550,000 and optimization technique to get the airfoil shape that maximum lift to drag ratio. The result is compared with the standard NACA 2412 airfoil. The optimization airfoil has improved lift to drag ratio compared to the standard NACA 2412 airfoil for 53.22%.
Introduction
The flying is wonderful thing for the human in the past, but nowadays, Aircraft wing is important part which generate the lift force for lift the aircraft up, at the same time, Thrust from aircraft engine induce the drag force which resist forward movement of aircraft. The vertical movement of aircraft can be occurred by the magnitude of lift are greater than its weight. The forward movement can be occurred by the magnitude of thrust are greater than the drag force.
Airfoil is the cross-section of aircraft wing. The shape optimization of the airfoil has 2 methods: First is called as Inverse Design (ID), It's target specification then created airfoil for successful. And second is called as Direct Numerical Optimization (DNO), It's geometry creative for improve aerodynamic performance. [1] There are many researchers to find out the optimum its shape under the lift force only. [2] The couple of lift and drag forces for used to optimization the shape has not presented. There are two points of the objective, maximum value of lift and minimum value of drag, so the problem become to bi-objective optimization problem. [6] The combination of both force can be called as lift to drag ratio (L/D). Therefore, the problem will be the single objective which is maximize the L/D.
Particle Swarm Optimization (PSO) is one of evolutionary method that popular for non-derivative optimization problems, understand easily and simple step when compared with another method. [3] The work used PSO procedure to combine with CFD analysis which used Xfoil program to find out the L/D of the randomized airfoil variables. constructed as the cubic spline which good continuously curve, because of it is the second derivative of the line slope which are drawn between all nodes. Its equation shows as Eq. 1
Where
, n is number of spline line, and The node number is numbered form the trailing edge forward along the lower airfoil surface to the leading edge and turn back to the upper airfoil surface until reach the starting node. The pressure of each panels are calculated by considering the air flow around the midpoint of individual panel [3] . The pressure coefficient Cp for each panel is calculated by Eq. 2, it shows that the pressure distribution along the surface of the airfoil. In addition, it can be used to computed the lift coefficient CL by integrating the trapezoidal area pressure distribution.
Where t V is tangential velocity  V is free-stream velocity Drag coefficient can be calculated by using Eq. 3 They are inspired by social behavior of bird flocking or fish schooling which find close to the food. The bird flocking is called as the particle [4, 5] . Each particle consists of the velocity and its position as shown in Eq. 7 and Eq. 8, respectively. The food implied as the objective function. For each calculating iteration, the velocity and position can be updated for i particle in individual k iteration
Where xi(k) is position of particle at i-th and iteration number k vi(k) is velocity of particle at i-th and iteration number k W is inertia weight factor C1 is scaling learning factor cognitive C2 is scaling learning factor social is personal best of each particle is global best of solution in the swarm
The procedure step to find the airfoil shape optimization are shown in Fig. 3 . 
Optimization procedure
The optimization works consist of two part, the first is CFD analysis which worked in Xfoil program to find out the L/D, it simulated as subsonic with compressible flow with 550,000 Reynold number. The second is combination the PSO to select the optimum airfoil shape. All of parameters for the two part are shown in Table 1. and Table 2 . The combination of the two parts are presented as shown in Fig. 4 . It starts from initiation of design the seven of design variable with randomize to create the airfoil. The next step is flow analysis with the Xfoil program to find out the L/D, after that evaluate optimum airfoil shape by using PSO until we get the best value of L/D. Step to find the optimum airfoil shape.
Result and discussion
According to the Fig.5 , the comparison of the optimized airfoil (blue line) with the standard NACA 2412 airfoil (black line) that is bigger and the trailing edge region has more curved up instant of the same chord length that equal to 1. These shape effected to the pressure distribution on the lower and upper of the airfoil as shown as Fig. 6(a) . and Fig. 6(b) . The optimized shape has more under curved area of the pressure distribution than standard airfoil which it effected to lift to drag ratio of greater than too (82.22:54.01). The PSO is used to get the optimized shape with 60 populations and 50 iterations. The modelling with inviscid flow (dashed lines) and viscous flow (continuous line) are slightly not different. 
Conclusion
From optimum result found that the optimized airfoil can be made lift to drag ratio greater that the standard airfoil for 52.23%. It shown that can be increased the aircraft gliding capability. The PSO can be used for this work by efficiently.
